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FOREWORD

In the research and development of military materiel, man and his equipment must
be considered as an integrated system. A basic requirement in this concept, however,
is that adequate information on human body size be provided for use in the design and
sizing of equipment and materiel. Data on the variability of body size in the user
population must be available to develop a suitable range of sizes in clothing or to provide
adequate design and adjustability in equipment. Only in this way can the man and his
equipment be successfully integrated to increase compatibility and improve performance.

The fact that large numbers of men are available for measurement presents a unique
opportunity for anthropometric research in the "population laboratory" represented by
the U. S. Armed Forces. Anthropometric data on U. S. Army and Air Force personnel
have been available and in use for over 25 years. New anthropometric surveys of the
U. S. Armed Forces, carried out in 1966, make possible an up-dating of these data, and
for the first time, provide standard anthropometric data for all of the services. The body
size characteristics of the present generation of U. S. Army men are presented in this
report.
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ABSTRACT

As a part of the U. S. Armed Forces anthropometric surveys of 1966, a sample
of 6682 Army men was measured, including basic trainees, infantrymen, armored crewmen,
and aviation personnel. Seventy body measurements were taken on each man. The
anthropometric data from this survey are presented and discussed. These new data
represent the first major up-dating of body size information on U. S. Army personnel
since the Army anthropometric survey of 1946. Changes in the body size of Army men
between 1946 and 1966 are discussed and the Army data are compared with
anthropometric data from other services.
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THE BODY SIZE OF SOLDIERS

U. S. Army Anthropometry - 1966

1. INTRODUCTION

a. Military Anthropometry

A fundamental concept in the area of military research and development is represented
by the so-called systems approach. According to this concept, the man or the individual
soldier together with his equipment, whether it be personal equipment he is wearing or
using or a machine he is operating, is considered to be a man/equipment system. A
basic requirement for the efficient use and operation of such a system is that the man
and the equipment be compatible.

Effective human engineering plays an important role in achieving such compatibility.
Since anthropometric data constitute a basic requisite for defining the elements of body
size in the human engineering of man/equipment systems, anthropometry provides an
essential input in the development of such systems.

oAnthropometry is the measurement of the human body. Since effective human
engineering requires the use of body size data on the specific population for which the
equipment is intended, military anthropometry is one important source of the information
necessary for the design and sizing of equipment and materiel to be used by the Armed
Forces.

Anthropometric data are collected by measuring large, representative samples of the
military population. Through the compilation, processing, analysis, and synthesis of such
data, it is possible to provide a metric description of the military population. This
information is then available for general use in the design and human engineering of military
equipment and materiel, as well as for specific application in the design, sizing, and tariffing
of clothing and individual equipment.

New anthropometric surveys have been conducted recently on all of the United States
Armed Forces. To provide wide availability for such information, the anthropometric
data obtained during these surveys will be published in a series of technical reports. It
is the purpose of the present report to present new anthropometric data on men of the
United States Army.



b. Historical Summary

Military anthropometry in the United States is not a new development, since
anthropometric data on military personnel have been in use for at least 100 years or
more. Some data on the body size of soldiers in the Civil War are available. Large
quantities of anthropometric data were collected during and at the end of World War I,
and an extensive anthropometric survey was conducted by the U. S. Army in 1946 at
the conclusion of World War II. A brief review of military anthropometry in the United
States will indicate the primary sources of anthropometric data prior to the new surveys
of 1966.

Information on the body size of Civil War soldiers was reported by Gould in 1869
and by Baxter in 1875. Although these data include only a few body measurements,
they do provide some indication of the body size of soldiers some 100 years ago.

A large volume of anthropometric data and statistics on World War I soldiers was
published by the Medical Department of the U. S. Army in 1921. In this monumental
work, Davenport and Love analyzed data on some 2,000,000 draft recruits of 1917-1918,
and on 100,000 troops demobilized in 1919. While a large part of the material in this
volume consists of medical or clinical information, it is significant that extensive analyses
were made of the correlations between body size and clothing size. In fact, many of
the procedures utilized today in applied military anthropometry may be traced to the
work of Davenport and Love in 1921.

Interest in the utilization and application of anthropometric data was renewed early
in World War II with the establishment of the Anthropology Branch at the Aero Medical
Laboratory, Wright-Patterson Air Force Base, Ohio, where anthropologists conducted
anthropometric surveys and carried out human engineering work on aircraft cockpits, gun
turrets, oxygen masks, and flight clothing thoughout the war. A summary of this work
in applied anthropometry by Randall, Damon, Benton and Patt was published in 1946.

Following his active duty in the Army Air Forces, Francis E. Randall transferred
to the Army Quartermaster Corps, where he planned and carried out the Army
anthropometric survey of 1946. This was the first extensive survey to be conducted
primarily to provide body size data for military cothing sizing and tariffing; it included
the measurement of both men and women. In this survey, 105,062 Army men were
measured at six separation centers; of the total series, 96,381 men were separatees, and
8,681 men were new inductees. Sixty-six body measurements were obtained on all
individuals, while body build photographs were taken of 49,500 men. In the series of
8,859 Army women measured, 5,116 were Women's Army Corps (WAC) personnel, while
3,742 were Army nurses. The data from these Army surveys were published in a series
of some twelve technical reports between 1947 and 1952. The basic data on women
were reported by Randall and Munro in 1949, and the data on men were reported by
Newman and White in 1951.
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As an outgrowth of the Army's work in anthropometry and clothing, a similar effort
was initiated in the United States Marine Corps in 1948. This resulted in a survey of
some 2,000 Marine Corps personnel, carried out by William J. Beer, a Marine Corps officer.
The anthropometric data collected were used extensively in the development and sizing
of Marine Corps clothing and equipment, but unfortunately the data were never published
in report form.

Another anthropometric survey was carried out by the Army Quartermaster Corps
in 1949, primarily to obtain additional data on Army men in the younger age groups.
In this survey, 7,272 men were measured, including 1,938 draftees, 3,921 enlistees, and
1,413 re-enlistees. Although these data have been utilized in research, they have not
been published.

With the establishment of the United States Air Force as a separate service,
anthropometric surveys of Air Force personnel were carried out in 1950-1952. A series
of 4,063 USAF flying personnel was measured at fourteen air bases in 1950; 132 body
measurements were taken. This series consisted of 61 percent officers, 15 percent cadets,
and 24 percent enlisted men. In 1952, a survey of 3,332 Air Force basic trainees was
conducted, in which 60 measurements were taken. Also in 1952, 63 measurements were
taken on a series of 852 Women's Air Force (WAF) personnel. The anthropometric data
from these three surveys have been published in a large number of reports. The basic
report on USAF flying personnel by Hertzberg, Daniels, and Churchill was published in
1954, and has been widely used as a standard reference for anthropometric data. The
series of USAF basic trainees was reported by Daniels, Meyers, and Churchill in 1953,
while the WAF data on women were reported by Daniels, Mayers, and Worrall, also in
1953.

To meet in increasing need for specific data on personnel in Army aviation, an
anthropometric survey of Army aviators was carried out in 1959. The data, consisting
of 41 measurements on 500 Army pilots, were published by White in 1961.

Data on 1190 U. S. Navy pilots were collected in 1957-1958, based upon 25
measurements. Subsequently, a more extensive survey of 1,549 Navy (and Marine Corps)
aviators was carried out in 1964, in which 96 measurements were taken. The earlier
work was reported by Gifford in 1960, while a report on the 1964 survey by Gifford,
Provost, and Lazo was published in 1965.

As indicated in the preceding summary, data from some ten major anthropometric
surveys of military personnel in the United States were accumulated during the 20 years
following World War I1. By contrast, there have been only a very few anthropometric
surveys of the civilian population of the United States. A survey of some 14,698 women
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was conducted in 1939-1940 by the Bureau of Home Economics, U. S. Department of
Agriculture. The resulting data on 59 body measurements were reported by O'Brien and
Shelton in 1941, and were used extensively for sizing and pattern development in women's
clothing. During the National Health Survey of 1960-1962, carried out by the Public
Health Service, U. S. Department of Health, Education, and Welfare, 18 body
measurements were taken on a carefully selected sample of 3,091 men and 3,581 women
from the civilian population. Two reports by Stoudt, Damon, McFarland and Roberts
were published in 1965 and 1970, respectively. An anthropometric survey of 684 Air
Traffic Control trainees was carried out by the Civil Areomedical Research Institute, Federal
Aviation Agency in 1960-1961, in which 64 measurements were taken. The report by
Snow and Snyder was published in 1965.

It may be noted here that the emphasis on military anthropometry in the United
States in recent years has been accompanied by an expanding interest in the anthropometry
of foreign military populations. This has resulted in the availability of anthropometric
data from an increasing number of foreign countries. Anthropometric surveys were
conducted in 1960-1961 on military personnel in Turkey, Greece, and Italy, under the
auspices of NATO's Advisory Group for Aeronautical Research and Development
(AGARD). The report on these surveys by Hertzberg and his team of co-workers was
published in book form in 1963. The results of an anthropometric survey of Republic
of Korea Air Force pilots were reported by Colonel W. C. Kay in 1961, while a survey
of Japanese Air Self-Defense Force pilots was reported by Oshima et al in 1962. An
anthropometric survey of the Royal Thai Armed Forces was conducted by White in 1962,
and a similar survey was carried out by White in the Republic of Vietnam in 1963. The
Thailand and Vietnam reports both were published in 1964. Republic of Korea Armed
Forces were surveyed in 1965, and the report by Hart, Rowland, and Malina was published
in 1967. Further anthropometric work is being continued by the Korean Army. A survey
to collect anthropometric data on Central and South American military personnel was
initiated in 1965 at the U. S. Army Tropic Test Center in the Canal Zone, and has now
been completed. An interim report was published by Dobbins and Kindick in 1967, and
a final report is in preparation. An anthropometric survey of the Imperial Iranian Armed
Forces was carried out by the Iranian Army in 1968 with technical assistance from the
United States, and a report on the data was published in 1970. Only a few references
to published results of foreign anthropometric surveys have been mentioned here; there
are undoubtedly many others which have been completed or are in progress.

c. The U. S. Armed Forces Anthropometric Surveys

New anthropometric surveys of the U. S. Armed Forces were first proposed in
April, 1964. The surveys were requested and sponsored by the Defense Supply Agency,
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with the ultimate objective of achieving improvements in the sizing, fit, tariffing, distibution
and issue of military clothing and personal equipment.

The purpose of the new surveys was two-fold. Initially there existed a requirement
for the up-dating of anthropometric data on the U. S. military population. Since the
basic Army data were some 20 years old and Air Force data were about 15 years old,
new body size information was required on the present generation of men in the Armed
Forces. Secondly, it was recognized that data should be obtained from all of the Armed
Forces, so that the surveys were planned to include samples from the major groups
comprising the U. S. military population.

In planning the anthropometric surveys, it was agreed that surveys of Army, Marine
Corps, and Navy personnel would be conducted by U. S. Army anthropologists, while
those of Air Force personnel would be carried out by Air Force anthropologists. Following
a year of planning, preparation and coordination, the surveys were initiated in
August, 1965, when the Air Force obtained 158 measurements on a series of 2,632 USAF
basic trainees. Seventy body measurements were taken in the Army, Marine Corps, and
Navy surveys, which were carried out between November, 1965 and April, 1966. The
total Army series of 6,682 men included 2,639 basic trainees, 3,429 infantry personnel,
489 armored crewmen, and 125 Army aviation personnel. The Marine Corps sample
consisted of 2,008 men, while the Navy series comprised 4,095 recruits. The field work
of the surveys was completed in 1967, when the Air Force obtained 187 measurements
on a series of 2,420 USAF flying personnel between January and March, 1967.

Subsequent to the Armed Forces surveys, two anthropometric surveys of U. S. Army
aviation personnel have been carried out. In the first, nine body measurements were
made on a series of 1,640 Army warrant officer candidate flight trainees in 1968, and
the report by Schane, Littell, and Moultrie was published in 1969. In the second study,
a series of 1,482 Army aviators was measured in 1970; 85 measurements were taken,
and a report on the data by Churchill, McConville, Laubach, and White was published
in 1971. Also, a new anthropometric survey of U. S. Air Force women was conducted
in 1968, in which 137 measurements were made on a sample of 1,905 women, including
officers and enlisted women, The report by Clauser and co-authors was published in
1971.

The anthropometric surveys of the U. S. Armed Forces, carried out between 1965
and 1967, represented a new approach in that for the first time standard body
measurements were taken in coordinated suifveys on personnel of all the military services
within the same time frame. The new data provide a basis for describing the body size
of today's military population and make possible direct comparisons of body size among
the Armed Forces. Furthermore, since questions regarding the changes or increases in
body size of military personnel from World War I to the present are frequently asked,
the new data will be useful in investigations of such changes. Since anthropometric data
on military personnel are now available for a time span of some 50 years, it may be
possible to analyze trends in body size as a bais for postulating the body size of future
military populations.
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d. Summary of Report

Following this introduction, the results of the Army anthropometric survey are
presented in eleven sections in this report.

In Section 2, the Army survey is discussed in terms of the planning and organization
of the survey, the methodology and techniques used, and the locations and chronology
of the measuring during the survey.

The methods of data processing, including data reduction, editing, and the
computation of statistics are presented in Section 3.

The sample of U. S. Army men measured in the survey is discussed in Section 4.
The background information obtained during the survey serves to describe characteristics
of the sample of men in terms of military information, such as rank and length of service,
and personal information, such as age, birthplace, and education.

The statistics used in the presentation of the anthropometric data are discussed and
explained in Section 5.

In Section 6, the detailed anthropometric data obtained during the survey are given,
together with an index of terms and a visual index of the body measurements.

Summary tables of percentile and statistical values for the anthropometric data are
shown in Section 7, as well as selected examples of bivariate tables.

An analysis and discussion of the Army anthropometric data are given in Section 8.
Comparisons of the Army subseries, comparisons of the Army with other services, and
a discussion of changes in body size are included here.

Section 9 contains a summary and conclusions, while acknowledgements are given
in Section 10. A list of references may be found in Section 11. The data sheet used
in the survey is reproduced in the Appendix.
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2. THE U. S. ARMY ANTHROPOMETRIC SURVEY -- 1966

a. Planning and Organization

A request for the conduct of a new anthropometric survey of the U. S. Army was
initated by the Defense Supply Agency in April, 1964. It was planned that the Army
survey would be carried out in conjuction with similar surveys of personnel in the other
services of the Armed Forces.

Responsibility for planning and organizing the Army survey was assigned to the U. S.
Army Natick Laboratories, Natick, Massachusetts, by the U. S. Army Materiel Command.
Since the Natick Laboratories did nQt have either the civilian or military personnel to
carry out a large- scale anthropometric survey in the field, assistance was requested from
the U. S. Army General Equipment Test Activity, an element of the U. S. Army Test
and Evaluation Command, located at Fort Lee, Virginia. This activity provided the military
personnel, as well as the administrative and logistic support for the collection of the
anthropometric data during the survey. Twenty enlisted men were requested from Fort
Meade, Maryland; these men were members of the 11th Armored Cavalry Regiment and
were assigned to USAGETA, Fort Lee for temporary duty to serve on the measuring
teams for the duration of the survey.

Technical direction and monitorship of the scientific aspects of the survey were the
responsibilities of Natick Laboratories anthropologists. Administrative planning and
supervision, scheduling and travel arrangements, and logistic support were performed by
the General Equipment Test Activity under the direction of an officer who served as
Project Director, assisted by a sergeant, who served as Administrative Coordinator.

In the field, the survey team was directed and supervised by a Survey Officer, assisted
by a non-commissioned officer in charge (NCOIC). The measuring team personnel were
organized into three teams, each with a team leader and six imeasurers. At each installation
where measuring was carried out, additional enlisted men were requested on a temporary
basis to serve as data recorders.

The Project Director was authorized to establish direct coordination with the various
Army installations which would be visited by the measuring team. In planning the schedule
for the survey, the Project Director contracted a designated project officer at each
installation to be visited and provided information on the plan of operations, as well as
on the number of men required to be measured, the space and equipment required, and
the efficient scheduling of personnel. A liaison officer visited each installation prior to
the team's scheduled arrival in order to carry out the final coordination of plans and
to provide guidance to the installation project officer.
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The installation project officers were designated by the respective participating Army
Installations. It was the responsibility of the installation project officer to assist the Project
Director and the Survey Officer In liaison functions and installation administrative
procedures, including the provision of facilities and equipment required and the scheduling
of participants for a smooth flow of men through the measuring lines. He was also
responsible for providing the additional personnel required, as well as the quarters and
messing facilities for the measuring team personnel.

b. Methodology and Techniques

The first step in the technical planning for the Army anthropometric survey consisted
of the selection of body measurements to be taken. Primary consideration was given
to the problem of selecting a large enough number of measurements to be useful for
a variety of requirements, while at the same time keeping the number of measurements
to a manageable minimum suitable for a large-scale survey. A total of seventy body
measurements was selected. These included weight, standing measurements, sitting
measurements, breadth measurements, circumferences and body surface measurements, as
well as measurements of the head and face, the hands, and the feet. It was felt that
this selection of dimensions, while not as extensive or inclusive as it might be, still would
provide most of the data and body size information required for the efficient design and
sizing of military clothing and personal equipment, as well as for basic human engineering
information necessary in the design of military vehicles, aircraft, and other weapons
systems.

Following the selection of the body measurements to be taken, a data sheet was
drawn up which would be used for the recording of the anthropometric data in the field.
The format of the data sheet was arranged to facilitate transcription of the data to punch
cards; column numbers for the punch cards were indicated on the data sheet. Five punch
cards were required for each man measured; the first card contained the background data
on each individual, while the remaining four cards contained the anthropometric data.
The background data were coded to simplify punching and subsequent data processing.
The body measurements were measured and recorded in millimeters, while weight was
measured and recorded to the nearest whole pound. The data sheet is reproduced in
the Appendix of this report. The skinfold thicknesses shown at the end of the data
sheet were not measured.

Standard techniques of measurement and standard anthropometric measuring
instruments were used throughout the survey. The anthropometer (Siber Hegner 101)
consists of four tubes which fit together to form a rigid rod; it is calibrated in millimeters,
with the scale running from zero at the base up to 2000 mm at the top. The anthropometer
has one fixed arm at the top and a second arm on a sliding sleeve which can be moved
up and down on the rod. The full anthropometer was used to measure stature and other
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major body heights or lengths. The lower half of the anthropometer was used for lesser
heights, such as crotch height, kneecap height, or calf height. The top half of the
anthropometer was used as a large sliding caliper for taking body breadths and also
measurements of the arms and legs, such as elbow-fingertip length and buttock-knee length.
A millimeter scale on the reverse side of the instrument was used when taking this type
of measurement.

Small sliding calipers (Siber Hegner 104), with straight arms, were used for various
measurements of the face and hands. Spreading calipers (Siber Hegner 106), with curved
arms, were used for other measurements of the head and face. A two-meter steel tape
(K & E Tip Top Wyteface), graduated in millimeters, was used for all circumference and
body surface measurements.

In addition to the standard instruments, several other items of equipment were used
in the survey. Foot measurements (i.e., foot length, instep length, and foot breadth)
were taken with a foot board, which consists of a metal tray fitted with a sheet of
millimeter graph paper covered with transparent plastic. In taking the foot measurements,
a wooden block was held against the toe or the ball of the foot and the value of the
dimension was read on the scale. In positioning the knees for taking leg measurements
on a seated individual, a box was used as a foot-rest; squares of plywood were added
to elevate the feet when necessary in order to have the thighs level and the knees at
right angles.

In planning the measuring process in detail, an attempt was made to develop a system
which would permit accurate and rapid measurement of men, but which also would insure
a relatively smooth and efficient progression of men through the processing line. To
this end, a sequence of six measuring stations was planned. The seventy body measurements
to be taken were divided up into groups or blocks of measurements; each of these blocks
of measurements was taken at one of the measuring stations. The selection of the
measurement groupings was based partly upon the measuring instrument (or instruments)
to be used at that station and partly upon the position or posture required of the man
to be measured at that station. This was done primarily to reduce time and motion
to minimum.

The actual measurement procedure may be outlined as follows. After a brief
orientation concerning the purpose of the anthropometric survey, the men to be measured
were requested to strip to their undershorts. Each man then reported to Station #1,
where his name, rank, service number, and the rest of the background data were entered
on his data sheet. He also was asked to estimate his weight and height, and then his
weight was measured to the nearest pound on platform scales. The subject then moved
on to Station #2 for a group of height measurements, taken with the anthropometer,
and to Station #3 for a group of breadth and length measurements, taken with the large
calipers. At Station #4, spreading and sliding calipers, and the foot board were used
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for a group of head, face, hand, and foot measurements. Circumferences and body surface
measurements (such as sleeve length and waist back length) were taken with a steel tape
at the last two locations, Stations #5 and #6. Specific descriptions of the individual
body measurements, including the position of the subject, how the measurement was taken,
and the instrument used, may be found in Section 6 with the data on each measurement.

A measurer worked at each statiorý and took the specific group of measurements
assigned to that station. The measurer was assisted by a data recorder at each station.

In order to process and measure large numbers of men rapidly and efficiently, it
was planned to operate three measuring lines simultaneously. Therefore, in a typical
measuring operation, there were three sets of six stations, manned by three measuring
teams, each of six men. With all stations in operation, 18 men were being measured
at once, and normally three to five men would be waiting their turn at each station.

Before initiation of the measuring and data collection in the survey, training sessions
for the measuring teams were held at Fort Lee, Virginia. Initially, the measuring personnel
were briefed on the survey and on anthropometric techniques. Visual training aids were
used to illustrate the measurements and the sequence of stations. The measurers were
then shown the anthropometric instruments and assigned to their respective measuring
stations. Thus, the measurers could specialize in the use of one type of instrument and
learn to take a specific group or block of body measurements. Training in the use of
the instruments was carried on by having the measurers practice on each other and then
measure a small group of subjects in trial runs. The training and practice were continued
until a satisfactory level of accuracy and consistency was attained.

c. Locations and Chronology of Measuring

Although the U. S. Army survey was a part of the Armed Forces anthropometric
surveys of 1966, the collection of data in the Army survey was actually initiated in
November, 1965 and completed in April 1966. During the survey, Army men were
measured at a total of twelve Army posts throughout the United States. Six installations
were sampled in November and December, 1965, while measuring was carried out at an
additional six posts between January and April, 1966. The total Army sample of 6682
men was measured in approximately 37 working days; on the average, 180 men were
processed per day. The locations and dates of measuring are shown in Table I.
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TABLE I - LOCATIONS AND CHRONOLOGY OF MEASURING

No. of Men
No. Location Dates Measured Percent

1 Ft. Lee, Va. Nov. 8-10, 1965 368 5.5

2 Ft. Knox, Ky. Nov. 15-18, 1965 601 9.0

3 Ft. Leonard Wood, Mo. Nov. 22-26, 1965 601 9.0

4 Ft. Polk, La. Nov. 29 - Dec. 2, 1965 593 8.9

5 Ft. Jackson, S.C. Dec. 6-9, 1965 608 9.1

6 Ft. Dix, N.J. Dec. 13-16, 1965 613 9.2

7 Ft. Bragg, N.C. Jan. 17-19, 1966 605 9.0

8 Ft. Benning, Ga. Jan. 21-25, 1966 611 9.1

9 Ft. Hood, Texas Feb. 3-4, 1966 442 6.6

10 Ft. Ord, Calif. Apr. 5-6, 1966 603 9.0

11 Ft. Lewis, Wash. Apr. 8-11, 1966 585 8.8

12 Ft. Devens, Mass. Apr. 25-26, 1966 452 6.8

Total 6682 100.0
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As indicated in Table I, approximately nine percent of the total Army series was
measured at each of nine Army posts, while a smaller number of men was processed
at the remaining three installations (Ft. Lee, Ft. Hood, and Ft. Devens). The subseries
of 2639 Army basic trainees was measured at six Army training posts: Ft. Knox, Ft.
Leonard Wood, Ft. Polk, Ft. Jackson, Ft. Dix, and Ft. Ord. On the average about 440
trainees (or 17 percent of the trainees) were measured at each of the six basic training
centers. Army infantry personnel were measured at all of the installations during the
survey. Of the subseries of 489 armored personnel, about 85 percent were measured
at Ft. Hood, about 12 percent at Ft. Benning, and the remaining six percent at Ft. Knox.
The small sample of Army aviators was measured at Ft. Benning and Ft. Hood.

During the large Army anthropometric survey of 1946, a total of 105,062 men was
measured at six separation centers between May and November, 1946. The six separation
centers utilized and the number of men measured at each were: Ft. Dix, N. J. (21,021);
Ft. Meade, Md. (15,328); Ft. Bragg, N. C. (17,447); Ft. Sheridan, II1. (20,951); Ft. Lewis,
Wash. (11,719); and Camp Beale, Calif. (18,596). Of the 105,062 men measured, 96,381
were being separated from the Army or were re-enlisting, while 8,681 men were just
entering the Army, and were without previous military service.

d. U. S. Army Basic Trainees

A separate study of Army basic trainees was conducted concurrently with the U. S.
Army anthropometric survey to investigate the changes in body size which take place
during the first six months of Army service. Of the 2639 basic trainees measured initially,
1069 (or 40 percent) were re-measured after the completion of four months of basic
training. This second measurement of trainees was carried out during March, 1966 at
six basic training centers and at seven additional Army posts. A group of 290 men
(11 percent) was measured a third time at the end of six months of Army service. The
final measurement of trainees was carried out during May, 1966 at eleven Army
installations. The results of this study will be published in a separate technical report.
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3. DATA PROCESSING

a. Data Reduction

Data processing in this survey began with the recording of the data in the field by
the several recorders on special survey blanks (see Appendix). Weight was recorded in
pounds and the linear measurements in millimeters. Following completion of the field
work, the data were transferred to standard punch-cards. Each recorded digit was punched
into a corresponding column in one of five cards used for each subject. The punching
was verified using a conventional card verifier.

The punched cards were then delivered to the Anthropology Research Project. All
major steps in the data processing from this point on were done by this group using
the facilities of the Digital Computational Division, Aeronautical Systems Division at
Wright-Patterson Air Force Base, Ohio. Computations were done on an IBM 7094-7044
direct coupled system. All programs were written in Fortran and computations were done
in single precision arithmetic.

The punch-cards were read into the computer and transferred to magnetic tape.
Certain minor adjustments were made to the data at this point, e.g., 10 mm was added
to each crotch height value to compensate for the fact that the recorded values had been
read at the lower edge of the anthropometer arm, although the measurement was actually
to the top of the arm.

b. Editing Programs

The first steps in the processing of the data tapes consisted of checking the data
for errors which might have taken place at any point in the data
gathering-recording-transcribing process. Two computer programs which had been
developed specifically for this purpose were used.

The first of these programs, designated as XVAL (= extreme value), was used to
isolate values which seemed to be inconsistent with the other data for that variable. This
program performs the following functions:

1. It provides, for each variable, a list of the ten smallest and the ten largest
values and the record numbers of the subjects with these values.

2. It calculates, for each variable, the mean, standard deviation, and the
measures of symmetry and kurtosis (01 and 032).

3. It estimates, for each variable, the values of the mean and the standard
deviation on the basis of all the data with the exception of the ten largest and ten smallest
values.
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Data values out of line with respect to other values for the same variable were usually
indentified from this program's listings. Outlyers were often signaled by several items
in the program output. The size of the smallest or largest value itself was usually a
clear indicator of a major error, as was a substantial difference between the standard
deviation computed from all the data and the value estimated from the central N-20 values.

The measure of kurtosis, 102, described in the section on statistical measures, was
effective particularly in signalling the presence of even one or two values lying well outside
the "normal" range. For a normal (i.e., gaussian) distribution, the theoretical value of
P2 is 3.0, and the final values for this statistic were fairly close to 3 for most of the
data covered by this report, being somewhat larger for variables with skewed distributions.
On the other hand, the presence of a single highly extraneous value in a set of data may
result in a value of P2 almost as large numerically as the sample size.

All values signaled by the XVAL program as questionable were investigated and
obvious errors corrected. The data were then examined by use of the editing program.
This program was designed to evaluate each recorded datum in terms of related data for
the same individual. Each subject's stature, for example, was compared by means of
multiple regression equations with other height measurements. Similarly, each subject's
chest circumference measurement was weighed as reasonable or unreasonable in terms of
the combination of his chest breadth and chest depth values.

Some fifty-six three-variable combinations were specified to the program for analysis.
Twenty-one more-or-less typical combinations are listed in Table I1.

The primary criterion for the selection of the variables which are grouped together
was that one or more members of a combination could be estimated with reasonable
accuracy from the other members of the combination. Each variable was included in
at least one combination and all but a few were included in at least two.

The computer calculated regression equations for each variable in a combination in
terms of the other two. Once the equations (and the associated standard errors) had
been computed, the equations were used to estimate the values of the variables in each
combination. These estimates were compared with the recorded values. Whenever an
estimate and the recorded value differed by more than five times the appropriate standard
error of estimate, an error message was printed out. This message contained, in addition
to the estimate and recorded value, a considerable amount of other data about the subject
in question which was deemed to be of value in evaluating the questioned datum. For
example, where a stature measurement was in question, this message included the subject's
other height measurements, expressed both in millimeters and in standard score form.
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